We improved the performance of pentacene-based thin film transistors by changing the curing environment of poly(4-vinylphenol) (PVP) gate dielectrics, while keeping the dielectric constant the same. The field-effect mobility of the pentacene TFTs constructed using the vacuum cured PVP was higher than that of the device based on the Ar flow cured gate dielectric, possibly due to the higher crystalline perfection of the pentacene films. The present results demonstrated that the curing conditions used can markedly affect the surface energy of polymer gate dielectrics, thereby affecting the field-effect mobility of TFTs based on those dielectrics.
Introduction
Organic thin-film transistors (OTFTs) have received considerable attention in recent years, and device performances comparable to those of amorphous silicon transistors have been achieved. Many groups have reported field-effect mobilities greater than 1 cm 2 /Vs for OFETs in which pentacene is used as the active layer. [1] [2] [3] [4] The surface characteristics of the gate dielectric strongly influence the quality of the gate dielectric-semiconductor interface hence the device performance. [5] [6] [7] In the last decade, considerable effort has been devoted to the fabrication of OTFTs using organic gate dielectrics 8-12 for use as switching devices for flexible displays. Although great advances have been made in the improvement of OTFTs using polymer gate dielectrics, there has been relatively little research into the effects of the surface energy of polymer gate dielectrics on device performance. 13 Furthermore the effect of processing condition of polymer gate dielectric on the OTFTs device performance has never been reported. For polymer gate dielectrics the surface characteristic is affected much by the processing conditions especially for the cured polymer gate dielectrics such as poly(4-vinylphenol)(PVP).
Halik and coworkers showed that pentacene TFTs fabricated using PVP as the polymer gate-dielectric layer had fieldeffect mobilities as high as 3 cm 2 /Vs. 14 Katama and coworkers examined the effect of modifying the SiO 2 /Si substrate by spin-coating with a polymer thin film; they used several kinds of polymer, including poly(vinylidene fluoride), polystyrene, poly(methyl methacrylate), and poly(vinyl alcohol), which exhibited different surface energies. 15 However, varying the type of polymer coating also changed other physical properties of the gate dielectrics, such as the dielectric constant and surface polarity. In the case of organic gate dielectrics, therefore, it is not easy to separate the effect of the surface energy of the gate dielectric from other effects. Moreover, in the case of PVP, the surface properties of a gate dielectric coated with this polymer are sensitive to the curing conditions such as the cure environment and schedule. This means that for the same chemical composition of the PVP pre-polymer, curing agent, and solvent, PVP gate dielectrics with different surface properties can be generated by varying the curing conditions.
In the present study, to investigate the effect of the surface energy of an organic gate dielectric on the electric properties of TFTs, we used a single type of polymer gate dielectric, PVP, and controlled the surface energy by simply changing the curing environment (i.e. in vacuum or in Ar gas flow). This approach made it possible to change only the surface energy while keeping the other properties of the gate dielectrics, such as the dielectric constant, the same.
Experimental
The M w of the PVP was 20,000 g/mol, and poly(melamineco-formaldehyde) (PMF) was used as the cross-linking agent. PVP and PMF were dissolved in propylene glycol methyl ether acetate (PGMEA) (about 15 wt%) in a 1:1 equivalent *Corresponding Author. E-mail: kwcho@postech.ac.kr molar ratio. All chemicals were purchased from Aldrich and used without further purification. The gate dielectric films were formed by spin coating the prepared solutions at 3,000 rpm onto heavily doped n-type Si wafers as gate electrodes, with subsequent curing for 2 h at 200 o C in a vacuum oven or Ar flow chamber.
The RMS roughness measured using an atomic force microscope (AFM) and the surface energies of the polymer gate dielectrics are listed in Table I . The surface energies of the gate dielectric films were evaluated by measuring the contact angles of two test liquids, distilled water and diiodomethane. 16 The dielectric constants (k) of the PVP gate dielectrics were obtained from C-V measurements 17 (Agilent 4284A) and the thickness of the PVP gate dielectrics were determined using ellipsometry. To investigate the chemical bonding states of the cured PVP gate dielectric surface, X-ray photoemission spectra (XPS) of the Ar gas flow and vacuum cured PVP surface were obtained using the 2B1 and 4B1 beam lines at the Pohang Accelerator Laboratory, Korea; an incident photon energy of 640 eV was used to obtain the C 1s and N 1s core level spectra. The 500 Å pentacene film was deposited on top of the insulator surface at a deposition rate of 0.2 Å/sec and a substrate temperature of 50 o C using an organic molecular beam deposition system. The structure of the pentacene films on gate dielectrics were investigated using X-ray diffraction (XRD) and AFM. Table I shows the surface properties of the PVP dielectrics cured either in a vacuum or Ar gas flow. The surface energy of the PVP cured under Ar gas flow conditions is higher than that of the PVP cured in a vacuum oven. Especially, the dispersion component of gate dielectrics is very similar, whereas the polar component of surface energy for each gate dielectric is quite different. To investigate the effects of the curing condition on surface composition of gate dielectrics, we obtained angle resolved C 1s and N 1s spectra. Figure 1 shows the take-off angle dependent atomic ratio of differently cured PVP surfaces. For N 1s, the N/C intensity ratio from Ar gas flow cured PVP gate dielectric film is higher than vacuum cured one for various take-off angles, which causes higher polar component in surface energy due to the unshared electron pairs in N atoms. These results show that the cross-linking agents, PMF molecules are richer on the surface of Ar gas cured PVP gate dielectric than vacuum cured one because PMF molecules are more easily evaporated in vacuum condition than Ar gas flow condition.
Results and Disscusion
Top-contact thin film transistors (TFTs) with a gold electrode (channel width 800 μm, length 100 μm) were used for analyzing the electrical characteristics of the pentacene TFTs. Current-voltage measurements were carried out in air at room temperature using Keithley 236 voltage source units. Figure 2(a) shows the drain current (I D ) versus drain voltage (V D ) curves obtained for the OTFTs fabricated using gate dielectrics with PVP films that were cured either under vac- Figure 1 . Angle-resolved high resolution C 1s and N 1s X-ray photoemission spectra for a different gate dielectric: (a) vacuum cured PVP and (b) Ar gas flow cured PVP.
